Neurogenesis in the subventricular zone (SVZ) of the adult brain may contribute to tissue repair after brain injuries. Whether SVZ neurogenesis can be upregulated by specific neuronal activity in vivo and promote functional recovery after stroke is largely unknown. Using the spatial and cell type specific optogenetic technique combined with multiple approaches of in vitro, ex vivo and in vivo examinations, we tested the hypothesis that glutamatergic activation in the striatum could upregulate SVZ neurogenesis in the normal and ischemic brain. In transgenic mice expressing the light-gated channelrhodopsin-2 (ChR2) channel in glutamatergic neurons, optogenetic stimulation of the glutamatergic activity in the striatum triggered glutamate release into SVZ region, evoked membrane currents, Ca 2+ influx and increased proliferation of SVZ neuroblasts, mediated by AMPA receptor activation. In ChR2 transgenic mice subjected to focal ischemic stroke, optogenetic stimuli to the striatum started 5 days after stroke for 8 days not only promoted cell proliferation but also the migration of SVZ neuroblasts into the peri-infarct cortex with increased neuronal differentiation and improved long-term functional recovery. These data provide the first morphological and functional evidence showing a unique striatum-SVZ neuronal regulation via a semi-phasic synaptic mechanism that can boost neurogenic cascades and stroke recovery. The benefits from stimulating endogenous glutamatergic activity suggest a novel regenerative strategy after ischemic stroke and other brain injuries.
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Introduction
In the adult brain, the subventricular zone (SVZ) of the lateral ventricle and the subgranular zone (SGZ) in the hippocampus are primary neurogenic niches where neural stem cells (NSCs) and neuroblasts are generated. Among the two regenerative regions, most investigations have focused on the regulation of SGZ neurogenesis, likely due to its important role in neurodegenerative disorders such as Alzheimer's disease (Kempermann et al., 2015) . SVZ neurogenesis, on the other hand, is responsive to brain injuries such as stroke and traumatic brain injury (Ohab and Carmichael, 2008; Robin et al., 2006) . Although SVZ has drown some heated attention due to recent reports on its contribution to astrogenesis in the injured brain (Benner et al., 2013; Faiz et al., 2015) , SVZ neurogenesis and its regulation remain to be better understood. Normally, SVZ neuroblasts migrate to the olfactory bulb via the rostral migratory stream (RMS) and become interneurons (Doetsch and Alvarez-Buylla, 1996; Doetsch et al., 1999) . After stroke, migration of SVZ neuroblasts is redirected toward the lesion site, where expression of the chemoattractant factor stromal cell-derived factor-1 (SDF-1) is greatly up-regulated (Robin et al., 2006; Wang et al., 2014) . This post-stroke SVZ neurogenesis has been regarded as a potential regenerative mechanism of damaged brain tissues (Ohab et al., 2006; Robin et al., 2006) . Unfortunately, the SVZ typically does not generate enough cells for tissue repair; moreover, few of these cells can reach to and survive in the lesion site. To utilize SVZ neurogenesis for tissue repair after brain injuries, a better understanding of regulatory mechanisms that can promote the endogenous regenerative activities is essential and critically important. 
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